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[10191/4215] 

* " SENSOR ELEMENT FOR A SENSOR 

Background Information 

The present invention is directed to a sensor element for a 
sensor for determining the concentration of a gas component in 
a gas mixture, in particular the oxygen concentration in the 
5 exhaust gas of internal combustion engines, according to the 
definition of the species in Claim 1 . 

A known sensor element for a broadband lambda sensor 
(DE 199 41 051 Al) has a sensor body composed of solid 
electrolyte layers in which a cavity or measuring chamber, 

10 connected to the exhaust gas via a diffusion barrier, and a 

reference gas channel exposed to a reference gas are formed. A 
pump cell for pumping oxygen into the cavity (rich exhaust 
gas) or from the measuring chamber (lean exhaust gas) includes 
an external pump electrode situated on the solid electrolyte 

15 body and covered by a porous protective layer, and an internal 
pump electrode situated in the cavity. A concentration cell or 
Nernst cell includes a measuring electrode or Nernst electrode 
situated in the measuring chamber and a reference electrode 
situated in the reference gas channel. The limit current 

20 flowing between the pump electrodes when a constant voltage, 
e.g., 450 mV, is applied to the Nernst electrode and the 
reference electrode is a measure of the lambda value of the 
exhaust gas. The sensitivity of this sensor element is set via 
the limit current determined by the diffusion barrier. 

25 Such a sensor element has a dynamic relationship with the 

pressure, i.e., the pressure peaks in the exhaust gas appear 
as output signals of the lambda sensor, although there is no 
causal relationship between the pressure peaks and the change 
in gas composition. This is explained by the fact that, when 

30 pressure pulses occur in the exhaust gas, an additional amount 
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of exhaust gas is pushed into the cavity, which causes a brief 
increase in the positive or negative pump current intensity. 
In particular, in the case of a high oxygen concentration 
(lean exhaust gas) this fluctuation of the partial pressure in 
5 the cavity due to the incoming exhaust gas is very noticeable, 
and the amplitude of the fluctuations of the lambda sensor 
output voltage is proportional to the oxygen concentration, 
i.e., the pump current. 

Advantages of the Invention 

10 The sensor element according to the present invention having 
the features of Claim 1 has the advantage that, by omitting 
the measuring chamber and combining the pump electrode and 
Nernst electrode to form an electrode situated on the external 
surface of the solid electrolyte and by designing the 

15 diffusion barrier as a finely porous diffusion layer directly 
covering the electrode, no additional gas mixture influx 
occurs upon a pressure increase in the gas mixture, which 
makes it possible to avoid measuring errors due to pressure 
fluctuations in the gas mixture. In contrast to the annular 

20 diffusion barrier in the known sensor element, the diffusion 
layer may be manufactured much more easily, and a layer 
structure may be implemented in particular. A layer structure 
permits the inlet surface of the finely porous diffusion 
layer, for example, to have a somewhat coarsely porous design, 

25 which makes it resistant to contamination, for example, by oil 
ashes. The absence of a measuring chamber or cavity permits 
the gas inlet bore hole to be omitted and eliminates a heat 
conduction barrier which would otherwise promote cracking of 
the solid electrolyte. Situating the electrodes on the 

30 external surface of the solid electrolyte, i.e., on the two 
major surfaces of the sensor element, permits proper heat 
distribution . 

If the porous protective layer on the first electrode is 
designed specifically as a coarsely porous diffusion layer, 
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the sensor element according to the present invention also has 
the advantage that the Nernst cell may optionally be formed by 
the *f irst and second electrodes. By this change of the 
reference electrode for the Nernst cell, i.e., using both the 
5 electrode coated with the finely porous diffusion layer and 

the electrode coated with the coarsely porous diffusion layer, 
two different limit currents may be implemented, making it 
possible to operate the sensor element in two different 
measuring ranges. For measurements requiring a low static 

10 dependence on pressure, the electrode coated with the coarsely 
porous diffusion layer is used as the reference electrode of 
the Nernst cell, while for measurements requiring low dynamic 
dependence on pressure and temperature, the electrode coated 
with the finely porous diffusion layer is used, for example, 

15 by applying 450 mV relative to the reference electrode. Finely 
porous is understood here as a diffusion layer in which a 
limit current in the range of 4 mA flows when the oxygen 
concentration in the measuring gas is 20%. Coarsely porous is 
understood as a diffusion layer in which a limit current in 

20 the range of 25 mA flows under the same circumstances. 

The two measurements may be adjusted by changing the mode of 
operation. It is also possible to detect and compensate via 
adjustment the gas type sensitivity of the sensor element or 
its static dependence on pressure or temperature by measuring 
25 in both modes of operation. 

The measures recited in the additional claims make 
advantageous refinements of and improvements on the sensor 
defined in Claim 1 possible. 

According to an advantageous embodiment of the present 
30 invention, both electrodes are situated on opposite sides of a 
solid electrolyte body. The solid electrolyte body is 
manuf acturable in a very simple construction using two thick 
solid electrolyte sheets. According to an advantageous 
embodiment of the present invention, one electrode is situated 
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on each solid electrolyte sheet for this purpose. The two 
solid electrolyte sheets enclose an insulation layer having an 
integrated electric resistance heater between their surfaces 
facing away from the electrodes and are connected by this 
5 insulation layer and a solid electrolyte frame enclosing the 
insulation layer. To reduce the internal resistance between 
the two electrodes functioning as a pump cell, a solid 
electrolyte web passing through the insulation layer is formed 
between the two solid electrolyte layers. 

10 Drawing 

The present invention is elucidated in detail with reference 
to the exemplary embodiments illustrated in the drawing and 
the description that follows. 

Fig. 1 schematically shows a longitudinal section of a 
15 sensor element for a sensor for determining the 

concentration of a gas component in a gas mixture; 

Fig. 2 shows a section along line II in Figure 1; 

Fig. 3 shows a longitudinal section along line III-III in 
Figure 5 of a sensor element according to another 
2 0 exemplary embodiment; 

Fig. 4 shows a section along line IV-IV in Figure 3; 

Fig. 5 shows a section along line V-V in Figure 3. 

Detailed Description of the Exemplary Embodiments 

The sensor element schematically illustrated in Figures 1 and 
25 2 in longitudinal and cross sections for determining the 
concentration of a gas component in a gas mixture, in 
particular for a broadband lambda sensor for determining the 
oxygen concentration in the exhaust gas of an internal 
combustion engine, has a solid electrolyte body 11, on whose 
30 opposite sides electrodes 12 and 13, respectively, are 
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situated. Solid electrolyte body 11, made of yttrium- 
stabilized zirconium oxide (Zr0 2 ) , for example, is composed of 
two 'thick solid electrolyte sheets 111, 112, which enclose an 
insulation layer 14 of aluminum oxide (A1 2 0 3 ) , for example, in 
5 which an electric resistance heater 15 is embedded. The two 

solid electrolyte sheets 111, 112 are connected via insulation 
layer 14 and a solid electrolyte frame 113 enclosing 
insulation layer 14. Furthermore, as Figure 2 shows, there may 
also be a connection between solid electrolyte sheets 111, 112 

10 via a solid electrolyte web 114 passing through insulation 
layer 14. A reference gas channel 16 is formed in solid 
electrolyte sheet 112 (upper solid electrolyte sheet in Figure 
1), which may be exposed to a reference gas, for example, air. 
A reference electrode 17 is applied to solid electrolyte 11 in 

15 reference gas channel 16. 

One of two electrodes 12, 13 is mounted on each external 
surface of solid electrolyte sheets 111, 112 facing away from 
insulation layer 14. First electrode 12 situated on solid 
electrolyte sheet 111 (lower solid electrolyte sheet in Figure 

20 1) is coated by a coarsely porous diffusion layer 18, while 
second electrode 13 situated on solid electrolyte sheet 112 
(upper solid electrolyte sheet in Figure 1) is coated by a 
finely porous diffusion layer 19. Both electrodes 12, 13, 
covered by their particular diffusion layers 18, 19, are 

25 exposed to the gas mixture, to the exhaust gas in the case of 
the broadband lambda sensor. The two electrodes 12, 13 form a 
pump cell over which a limit current flows, which is a 
function of the concentration of a gas component, of the 
oxygen concentration in the case of the broadband lambda 

30 sensor. One of the two electrodes 12, 13 is optionally 

connected to reference electrode 17 as a reference electrode 
and forms with it a concentration cell or Nernst cell. To 
generate the limit current flowing in the pump cell and 
proportional to the concentration of the gas component, a 

35 constant DC current is applied to the Nernst cell, e.g., 
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450 mV. Since the two diffusion layers 18, 19 have different 
porosities, a different limit current is generated depending 
on which °of the two electrodes 12, 13 is connected to 
reference electrode 17 as a reference electrode, so that it is 
5 possible to measure in two different measurement ranges using 
the sensor element. 

Figures 3 through 5 show a sensor element in which the two 
electrodes 12, 13 are not distributed on the two opposite 
major surfaces of solid electrolyte body 21, but both 
10 electrodes 12, 13 are situated on one side of solid 
electrolyte body 21. This is advantageous in certain 
applications because assembly in the bonding of electrodes 12, 
13 is optimized. 

Solid electrolyte body 21 is manufactured also in this case 

15 from solid electrolyte sheets or solid electrolyte layers in a 
layered structure. The two electrodes 12, 13 are situated on 
opposite sides of a first solid electrolyte layer 211. First 
solid electrolyte layer 211 is connected to a second solid 
electrolyte layer 213 via an intermediate layer 212, which is 

20 also made of a solid electrolyte. Intermediate layer 212 is 
provided with a recess 22, in which the electrode facing 
second solid electrolyte layer 213 and coated with its 
diffusion layer is situated. In the exemplary embodiment of 
Figure 3, this is second electrode 13, coated with finely 

25 porous diffusion layer 19, but first solid electrolyte layer 
211 may also be connected to second solid electrolyte layer 
213 by first electrode 12, coated with coarsely porous 
diffusion layer 18, being situated in recess 22. In either 
case, it is made sure that sufficient clearance 23 remains 

30 between diffusion layers 19, 18 and the surface of second 
solid electrolyte layer 213, this clearance always being 
filled with the gas mixture, i.e., the exhaust gas, via a gas 
supply orifice 24 in first solid electrolyte layer 211. 
Reference gas channel 16 is worked into second solid 

35 electrolyte layer 213, and reference electrode 17 is situated 
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in reference gas channel 16. A substrate layer 214 of second 
solid electrolyte layer 213, which may also be made of solid 
electrolyte, encloses insulation layer 14 having resistance 
heater 15 embedded in it. In the exemplary embodiment of 
5 Figures 1 and 2, insulation layer 14 is enclosed by a solid 

electrolyte frame 215. To stabilize clearance 23 mechanically, 
first solid electrolyte layer 211 is supported by second solid 
electrolyte layer 213 within recess 22, specifically via 
radial webs 25, which support segments of diffusion layers 19, 
10 18. Radial webs 25 are also made of a solid electrolyte and 
preferably form one piece with intermediate layer 212. 

Also in this sensor element, diffusion layers 12, 13 are 
preferably made of multiple layers to set a limit current that 
may be carried by electrodes 12, 13. In the case of the finely 

15 porous diffusion layer 19, the upper layer facing away from 
second electrode 13, which forms the inlet surface of finely 
porous diffusion layer 13 for the gas mixture, i.e., the 
exhaust gas, may also be manufactured to be somewhat coarsely 
porous and therefore resistant to contamination, for example, 

20 by oil ashes. 
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